Readers of this journal do not need to be reminded of the ongoing impact of genomic technologies on microbiology. These approaches have enabled researchers to explore the metabolic capabilities and genetic identities of many microbial strains, leading to insights into the contribution of these organisms to environmental, industrial and disease processes. Our popular 'Genome Watch' column, contributed each month by the Wellcome Trust Sanger Institute, bears testament to the breathtaking pace of advances made possible by genomic technologies.
Until now, the focus of microbial genomics has been on the study of individual, isolated microbial strains and a huge amount of information has been obtained from this approach. Outside the laboratory, however, almost all microorganisms exist in complex communities where individual cells can exchange genetic material and nutrientsactivities that have the potential to alter their metabolic capabilities and growth characteristics and, ultimately, the impact that their community has on the environment. It has become clear that the properties of individual microbial cells differ significantly when present in assemblages interacting with other forms of microbial life, and that a microbial community has properties that cannot be attributed to any of the individual members. If we acknowledge that most natural microbial interactions occur within a community framework, a pertinent question comes to mind: is it time to change the focus of microbial genomics to the analysis of microorganisms within the context of their natural environments? A group of prominent scientists certainly think so and they present a compelling argument in an important new report commissioned by the American Academy of Microbiology (AAM).
The report (The Global Genome Question: Microbes as the Key to Understanding Evolution and Ecology; http://www.asm.org/ASM/files/CCPAGECONTENT/doc filename/0000026555/GENOMEweb.pdf/), presents the recommendations of 27 microbiologists from academia and industry who discuss the potential of 'metagenomics' to advance our understanding of microbial communities, diversity and ecosystems. The current metagenomic approach to microbial communities involves large-scale sequencing of pooled genomic material. Analysis of these data gives information on the constituent microbial species that make up the community, and the means to dissect the temporal and spatial variations occurring within the community. Further analyses can yield information on the function, differentiation and evolution of the microbial assemblage -fundamental questions about the nature of microbial communities and the molecules and processes that shape them.
However, as mentioned in the report, there are significant challenges that must be overcome before the full potential of metagenomics can be realized. These include the need to coordinate research efforts around central biological questions in an appropriate and cost-effective manner. Arguably, a more significant obstacle relates to the enormous complexity of microbial communities and the multitude of factors and environmental parameters that influence their function -attempting to decipher individual contributions to such complexity is a major challenge. Additionally, the computational requirements to handle and manage the data generated from even a small metagenomic study raise specific technical issues. The report also identifies educational requirements, such as increasing the number of suitably trained scientists who can exploit the potential of genomics and a stronger focus on cross-disciplinary training at the graduate and postgraduate levels.
Challenges remain but the rewards for tackling and overcoming these barriers are enormous -genomics has transformed the biological sciences, and the discipline of microbiology has been at the forefront of this revolution. Our achievements so far, however, represent the first steps on a long road. The current reality is that our ability to use genomic data to predict the responses of single cells is poor and our attempts to formulate sensible predictions from an assemblage of interacting microorganisms is even worse. As the AAM report rightly points out, redirecting the focus of genomic research to microorganisms in their natural communities carries the tantalizing promise of allowing microbiologists to predict the function of these ecosystems and to control their impacts on human health and the environment.
ALL TOGETHER NOW…
Genomics has revolutionized our understanding of individual microbial cells. The application of these technologies to the study of microbial communities promises even more.
"Is it time to change the focus of microbial genomics to the analysis of microorganisms within the context of their natural environments?"
